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ANTIBODY PROIMIfrrraM 

The present invention relates to Chinese hamster ovary (CHO) cell 
lines, to che production of proteins. in particular antibodies from 
such cell lines, also co ancibodies having CHO glycosylation. 

Antibodies or immunoglobulins are proteinaceous bifunctional 
molecules. One region which is highly variable between different 
antibodies is responsible for binding to an antigen (Fab region) . for 
example the many different infectious agents that the body may 
encounter, whilst the second, constant region (or Fc region) is 
responsible for binding co the Fc receptors of cells and also 
activates complement. In this way. antibodies represent a vital 
component of the immune response of mammals in destroying foreign 
microorganisms and viruses. 

An antibody molecule Is composed of two light chains and two heavy 
chains that are held together by interchain disulphide bonds. Each 
light chain is linked to a heavy chain by disulphide bonds and the two 
heavy chains are linked to each other by disulphide bonds. Each heavy 
chain has at one end a variable domain followed by a number of 
constant domains, and each light chain has a variable domain at one 
end and a constant domain at the other end. The light chain variable 
domain Is aligned with the variable domain of the heavy chain. The 
light chain constant domain is aligned with the first constant domain 
of. the heavy chain. The remaining constant domains of the heavy 
chains are aligned with each other. The constant domains in the light 
and heavy chains are not involved directly in binding the antibody to 
the antigen. 

The variable domains of each pair of light and heavy chains form the 
antigen binding site. They have the same general structure with each 
domain comprising a framework of four regions. whose sequences are 
relatively conserved, connected by three complementarity determining 
regi ns (CDRs) . The four framework regions largely adopt a beta-sheet 
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conformati n and che CDRs form loops connecting, and i„ some cases 
comprising part of. che beta-sheet structure. The CDRs are held i„ 
close proximity by che framework regions and. with the CDRs fro* the 
ocher domain, contribute to the formation of the antigen binding site. 

The immunisation of an animal with an antigen results in the 
production of different antibodies with different specificities and 
affinities. An antiserum obtained from the immunised animal will 
therefore, be heterogeneous and contain a pool of antibodies produced 
by many different lymphocyte clones. Antibodies thus obtained are 
referred ,o as polyclonal antibodies and this polyclonal nature has 
been a major drawback in the use of antibodies in diagnostic assays 
and in therapeutic applications. 

A major step forward occurred in 1975 when Kohler and Milstein 
OtaBKl. 1975. 21*. ,95-497) reported the successful f uslon of spleen 
cells from mice immunized with an antigen with cells of a murine 
cyeloma line. The resulting hybrid cells, termed hybr i domes . have the 
properties of antibody production derived from spleen cells and of 
continous growth derived from the myeloma cells.- Each hybridoma 
synthesizes and secretes a single antibody to a particular determinant 
of the original antigen. To ensure that all cells in a culture ar 
identical, i.e. that they contain the genetic information required for 
Che synthesis of a unique antibody species, the hybridomas resulting 
fro. cell fusion are cloned and subcloned. I„ chia way , chfi cloned 
hybridomas produce homogeneous or monoclonal antibodies. 

The advantages of hybridoma technology are profound. Because many 
hybrids arising from each spleen are screened for their potential to 
produce antibodies to che antigen of interest and only a few are 
selected, it is possible to immunize with impure antigens and yet 
obtain specific antibodies. The immortality of the cell l ine assures 
that an unlimited supply of a homogeneous, well-characterised antibody 
is available for use in a variety of applications including in 
particular diagnosis and immunotherapy of pathological disorders 
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Unfortunately, the usefulness of such monoclonal antibodies in a 
clinical setting can be severely hampered by the development of human 
anti-mouse antibodies - an anti-globulin response - which may 
interfere with cherapy or cause allergic or l^une complex 
hypersensitivity. 

When, for example, murine (or ratine) monoclonal antibodies are used 
inhuman therapy, the induction of an human anti-mouse antibody 
response is due to the murine origin of the constant domains and four 
framework regions. This problem has therefore been addressed by the 
development of antibodies of two basic types. The first type 
referred to as chimeric antibodies. is where the murine constant 
domains only are replaced by equivalent domains of human origin 
(Morrisons ai. HJIJL^. , 1984, 81. 6851-6855; Boulianne e£ ai 
Hafiira. 1985, Uk. 268-270; and Neuberger et ai, Natur* 1985> ^ 
268-270). The second type is where the murine constant domains and 
the murine framework regions are all replaced by equivalent domains 
and regions of human origin. This second type of antibody is referred 
to as a humanised or CDR-grafted antibody (Jones et ai, Nature, 1986. 
221, 522-525; and Riechmann et ai. Nature . 1988. 132., 323-327) A 
human antibody would of course avoid the need for "humanisation" 
however cell lines which secrete human antibodies are very unstable 
and have generally proven unsuitable for commercial scale production. 

To generate sufficient quantities of antibody for full clinical use it 
is desirable to employ an efficient recombinant expression system. 
Since myeloma cells represent a natural host specialized for antibody 
production and secretion, cell lines derived from these have been used 
for the expression of recombinant antibodies. Often, complex vector 
design, based around immunoglobulin gene regulatory elements. is 
required, and final expression levels have been reported which are 
highly variable (Winter et^i. Natu re , 1988.332, 323-327; Veidle 
eJUil, Sejie, 1987, 60. 205-216; Nakatani et_al . Bto/Te C hn n1n ^ 1989 , 
I. 305-310; and Gillies et_ai, 31o/Technolo f v 1989, 7, 799-304). 
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The cell line of che present invention is capable of nrorf • 
Kinds of antibodies chat generallv co • P"duc lng all 

1(ehr , u generally comprise equimolar proportions of 

light and heavy chains. The invention therefore , , , 

way chat would not occur naturally For 
— »U. . bi.n.cUlc e„tioo dy anclgen „ slcea ^ ° 

.»„ fu „ h . r „ odlflcaclons „ t „ provc antlgen * ; » 

.leer functioning. f _ oC « ' ~ » 

hu„„i s . d or CDR.g„fte d antlbody lnc ^ 
wherein p . r t 3 of th . hypervarIabla re8lons ' » 

renef.rreo to th. huMn fr _ rfc . ^ «■ « 

— region, of . uch . ntlbodI .. „ y be 
Included i„ Che d efl„iclo„ of altered „ are « « - 

r. r.ugn y . quiv . lenc to ch . y branch po „ lona of ^ ^ ° = 

1* "*: *- -» b - t—puc frMMM . D 7 fr J 1 

including p . cc of che Fc re8lo „ ThM> vithiB ^ 8 

the inventton U l„ cl u d , d , „ y altarad m ^ 
•eld ,.,„„„ is not on. which exl.es 1„ nature. 

The cell li„. of che Invention is Dr ,f,r„„ 

Ptod tion of altered antibodies most preferably cLaeri/ an od 

i Lr * antibodies - particuiar exMpi " ° f — 

antibodies against T cell markers such as CD2 , CD3 CDA CDS CD 7 

CDS. CDila, CDllb. CD18. CD19, CD25 . CD45 and C~w52 H ' 
„ raf) . , _ ' ^ 3 ond CDw5 2 and especially CDR 

grafCad anclocdia. .g ainsc the CD.52 antigen. such as Caopa " h . 1H 
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A second preferred system of selection and amplification is provided 
by the glutamine synthetase selectable marker or (GS system) which is 
described in WO87/04462. CHO cells which have been successfully 
transfected with the gene encoding the GS enzyme and the desired 
antibody gene can be selected by culturing colonies in media devoid of 
glutamine as described In PCT published application number V087/04462. 

At least one of the selectable markers preferably also provides the 
basis upon which the genes encoding the light and heavy chains may be 
amplified. In co- transf ection of a CHO cell line, the vector DNAs are 
often integrated into the chromosome of the cell at the same locus. 
Thus, the use of only one of the selectable markers as the basis for 
amplification normally results in a parallel Increase in the copy 
number of both genes. One particularly preferred selectable marker 
for use in this way is dhfr which enables the desired amplification to 
be obtained through the use of increasing concentrations of MTX. A 
second preferred selectable marker is GS which allows amplification by 
the addition of methionine sulphoximine (MSX) . 

The selectable markers are of course under the control of regulatory 
elements of DNA so as to provide for their expression. In the case of 
the use of dhfr as a selectable marker, the regulatory elements are 
preferably of a viral source, such as from DNA tumour viruses. 
Particularly preferred are the use of an SV40 or adenovirus major late 
promoter. It is particularly advantageous in this regard to remove 
the enhancer element from the promoter thus effectively "crippling- 
it. This modification allows for increased levels of gene 
amplification at each concentration of methotrexate selection than 
would otherwise occur if a strong promoter was used. I n the case of 
the use of neo as a selectable marker, an example of a suitable 
promoter is the mouse metallothionein promoter. 

The light and heavy chain genes may constitute genomic DNA or, 
preferably, cDNA, and are cloned using procedures known in the art 
(M lecular Cloning: A Laboratory Manual, Second Edition, Maniatis 
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Cold Spring Harbor) . The genes are also under the control of 
regulatory elements of DNA so as to provide for their expression The 
use of the same regulatory elements for both chains Is preferred so 
that their expression Is substantially balanced. The regulatory 
elements cay be of viral origin and examples include those mentioned 
above in conjunction with the expression of dhfr as a selectable 
marker. Another example is the use of the pectin promoter and 
cognate- ^-actin polyadenylation signal. 

One or both of the vectors may also contain an SV40 origin of 
. replication to. allow f or the vector constructs to be checked by rapid 
transient assay. 

Construction of the expression vectors may be carried out in 
accordance with procedures known in the art (Molecular Cloning- A 
Laboratory Manual. Second Edition. Maniatis et_^. Cold Spring 
Harbor) . 

Co-transfection of the CHO cell line with the expression vectors M y 
be carried out simply by using equimolar quantities of both vectors 
and standard transfection procedures. such as calcium phosphate 
precipitation or lipofectin. Selection of the desired co- transf acted 
cell line may be carried out in accordance with standard procedur s 
known for the particular selectable markers. 

The present invention also provides a process for the production of an 
antibody which comprises culturing a CHO cell line of the present 
invention. Culture of rhe CHO cell line may be carried out in 
serum-containing or preferably serum and protein free media. In one 
preferred instance where the CHO cell line is a dhfr + transformer 
the medium preferably lacks hypoxanthine and/or thymidine and 
optionally contains MTX. Where a selectable marker is glutamine 
synthetase the medium preferably lacks glutamine end optionally 
contains MSX. Expression of both chains in substantially equimolar 
proportions enables optimum yields of functi nal antibody to be 
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obtained. The two chains assemble within che cell and are 
secreted into che culture medium as functional antibody, 
resulting ancibody may be purified and formulated in accordance 
standard procedures. 



then 
The 
with 



Antibodies are glycoproteins containing between 3 and 12% 
carbohydrate. The carbohydrate units are transferred to acceptor 
sites on the antibody chains after the heavy and light chains have 
combined. The major carbohydrate units are attached to amino acid 
residues of the constant region of the antibody. Carbohydrate is also 
known to attach to the antigen binding sites of some antibodies and 
may affect the antibody-binding characteristics by limiting access of 
the antigen to the antibody binding sice. There are a number of roles 
associated with che carbohydrace units. They may affect overall 
solubility and che race of cacabolism of che ancibody. It is als 
known that carbohydrace is necessary for cellular secretion of some 
antibody chains. It has been demonstrated that glycosyiation of che 
constant region plays a vital role in the effector functioning of an 
antibody; without this glycosylacion in its correct configuration, che 
antil ,dy may be able co bind Co the antigen but may not be able to 
bind for example to macrophages, helper and suppressor cells or 
complement, to carry out its role of blocking or lysing the cell to 
which it is bound. 

It has now been found that antibody glycosylated by CHO cells 
maintains antigen binding capability and effector functionality. This 
has been demonstrated in in. vit^o. complement lysis assays and in. vivo 
in a human patient. 

The invention therefore provides an antibody having CHO glycosyiation. 
Such antibodies maybe natural, such as human antibodies, altered 
antibodies for example hybrid antibodies or bispecific antibodies, 
chimaeric or CDR-grafted antibodies, including Fab fragments. 
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The CHO glyc sylacIon „.„ „. „ lch 

add U, o. associated vttl> th . rsgion „ 

' S Pt,P *" d ^ " Pr " Sl °" ° f "» o«»" in a suicaMy 

engineered CHO c.U f„ U o„ed by ^ ^ ' 

purification of the antibody fro. call eulture ^ 
CHO glycosylated antibodies „. usa£ul ln 

nuaotoua hu»,» disorders. gan . tallv „ . PX c ™«m B 

, , „ generally aa Immunosuppressives m ra 

particularly for e„a.ple T-c.U ™di.c.d dl , ord .„ ^ 

dlsordar, such „ _ UlpU Xerosis. ^ ^ ^ 
P.orl.r.1.. Juvaniu onset diabetes, sjogrens- disease. chyrold 

„i tlpl . nyalo „, <nd ln£eccloua du ^ ^ ^ 

!n«o.r nt r\ theref0r * P " Vld " ° f CH ° Slycoaylatad 

ant hodi., ln ch . ..„ u£accure o£ . maUmmn ^ ^ 

of the efocentloned disorders. Also provided u . J 
treating . hu™ being having „„ y such . du „ dec u 

a « T V° ' ndiVldUal 4 eh «*-""=*"y .«.ctlv. a»ou„t of 

a CHO glycosylated antibody. 

t r? ses : f such anciboai " ,ui v>ry vich *• ^mg 

treated and th. raclplant of th. tr.ar.ant. but will b. In the rang. 1 
to . b „„t 1 00 „g for an adult patient pr.f.rably 1 . l0 .g us„! lly 
ad. metered dal.y f„ t a period between ! and 30 daye . A two part 
dosing regl^ nay be preferable wherein ! . 5 „ g .„ a<talnUter . d for 
5 - 10 days followed by 6 - 15 .g f or a f utthar 5 . 10 ^ 

Also included within th. invention are formations containing CHO 
glyc ayuted antibody. Such foliations preferably include, 1„ 
addition to entlbody. a physiologically acceptable diluent or c.trier 
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possibly in ad . llltu « wUh och „ agen „ such ^ ocher maM ^ 
entibi.tlc. Suitable cm.r, include but .„ ^ t 
physiologic.! sellne. phosphece buffared 

'" " « : C °" bUff «« d ""metlvely. the .nclbody „ v 

the did. of a„.,„aoue bu£fe „ d soluclon „ descrlbed >bove 
Route, of a d.i„i.t ratlon are „ uclnely parencecai ^ 

>«~. intr»„ S c„Ur. subcucene.us a„ d intreperito...! lnJa „ lon 
or delivery . 

The accompanying drawings show: 
Figure \ 

U> the pLD9 oo„ a ttuct containing expression cessecte, for eh . 
cripple*, dhfr seleccion/snpUficcion „ ckar and che Campach . 1H 

IT CDNA - Th ' s °* u bo,< ulch ch * d " hed * *• 

propter: polyA raf.rs co respectively sourced poly.denylaclon and 
ten.ln.tlon signals; tha s „ all box ulch „ ri ^ ^ 
of replication; 

(b) th. PNH316 construct containing expression cassettes for the 

neomycin selection marker and the Campath-IH heavy chain cDNA. The 
box with an arrow and MT refers to the mouse -netallothionein promoter 

fiction sites indicated are:- H, Hindlll; Bg, Bglll; B, BamHI; J*. 

Figure ? 

Co-parative determinations of the rate of Campath-IH synthesis in 
confluent A39 cells over 4 consecutive days. Following the ( 35 S) 
methionine pulse period, equal aliquots of cells (C) and culture 
aedium (M) were Immuno- precipitated and separated by SDS - FACE. The 
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P sition of che Campath-lH heavy and light chains are Indlcaced (H and 
L arrows). There was some loss of material for che day 3 cell sample. 



A pulse-chase experimenc co determine che race of secrecion and 
distribution of radiolabeled Campach-lH in A39 cells. Confluent 
cells were pulsed with ( 35 S J methionine for 6 hours, then fresh medium 
containing an excess of unlabeled methionine was added Equal 
aliquots of cells and culture medium were taken at the indicated time 
points (in hours following che end of che pulse period) and created as 
described in che legend of Figure 2. The samples for che 48 and 72 
hour medium cime polncs were run on a different gel to the 6 and 24 
hour points, and che cracks are only lined up relacive Co che poslclon 
of che heavy (H) chain. 



Figure 4 



Shows growch of C1H 3DU* 44 In WCM5 (proceln-f ree medium) In a 1 
litre fermenter measured as cell count/ml over 90 days . 

Shows antibody production from C1H 3D* 44 cells in WCM5 in a 1 Here 
fermenter measured as micrograms of anclbody/ml over 80 days. 

The following Examples are provided purely for illustration of che 
present Invention. 

EXA * PL * }: Clonic of the Heavy and M.ht ch a ^ „ni.A- « or c . M<tt . h -i W 

The complemencarity determining regions from che rat Campath-IG 

monoclonal were originally grafced directly into genomic human heavy 

and light chain frameworks (Uincer ec_ai. ( Nacur. 1988, 322, 323-327) 

These c nscructs were engineered for expression In che myeloma cell 
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in. » and r.suced ln ytelds f CMpach . 1H of ^ co 
10-U day, in culcur. (Hal . ujl> 1Uia ^ Mi4SE£ , mo ° 

TF57 (Hale ec ai. was used generate . 

generate size selected -nw* 

D»As res P ecclv.ly. «... ve „ _ d „ ^ EcoRi ^ cDMA 

llbr.rl.a 1„ l gtl0 . Ul procedure. „.„ „ d ., ctlb . d ec al 

CH^taU,,,. Vol I : a Practical A PP roach. l984 . Gloy . r ^ ( ^ r) ^ 

Press.Oaford,. The Ubrari.s „.„ screen . d usi ,£« • 

P rob.s , p . c lf lc fot th . u - « 

•"f— 1 ™'' l^c cHaln cO„ A . che5 . unct sl , 

. Tl b ^ "" - — ° £ ' Saci 

sic. «b P u P ,cr.a. „f th . scop codo „ A s . CI . HlndII1 

chain CH*. cb. u„i,u. NcoI sU . overlappt „ g ^ «^ 

light chain. „, lng aHindm-Nc.I oii g onucleocide P .ir. Acthe 
and, ch. unlou. Haal sice !2h p downscrea. of che scop codon 
converted Into a Hlndm sic. uslng linker,. 

BMttLt 2; Conscr,.,- fl „ n nf ^laloXU 

haan r. P l.«.d wlch the res P «cclve h«„ ,. mln slsnals) „ , 286Q 
PvuU-HlnOm fr.g..„c. In uhlch c „. ^„ slce _ * 

converted Co a „,« slc . usin g linker,. To Uolac. ch. hunan ,-acdn 

S I ITl o 10nand Cemina "°" Sl8nalS f "" PH0APC-3-O.O. an SphI 
alt. 1.4B, dovnaccea. of ch. u„l q „. Hlndlll ale. was converted to a 
•a-il.lt. ualngUnk.es. Th. basal dhfc v.ccoc c.U.d p 104 ... 
constructed as follows. The SphI , lt . „ posltlo „ , n ^ 

proper in psv2di.fr (Subra-.nl ^ M M , 
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854-864) was converted into a Sail sice c 

it::.::::: — - — * - 

cDNA and the Hindi II -BamHI S-actin nal a j * 

P acci n PolyA/termination signal « 
construct pNH316 rh. signals. To 

P i0 ' Che construct pdBPV-MMTneo tr 
**l .<?.]] BtoV.. 1983. 3 • - 2110 21131 * tjl - 
Phosphatased, and the fr^en dlgeSted Wlth ^ 

— g separation^ „ fr r "T^ ^ 

,-actin fragments and the CampatlH ^ ^ ^ * 
constructs, P U9 and pNH316 ^ ^ ^ 1- cDNA. The 

mM2LB ~ il Session of r an ,n„.H.iu ^ n ^ 

The dhfr- CHO cell line DUK-B11 (Urlaub et^l . „ A , , a . 
4216-4220) was grown in Iscove's MEM ^ A ^' 1980 ' 

bovine serum and W„, ! ! WiCh 10 * 

' and 4Mg/ml each of hypoxanthine and thymidine in 

PLD9 and pN „316 was co- P recipi C ated onto cells ^ i & 

phosphate method, (Gorman^ DNA CI < * 

Academic Press N Y ) and^" 1985 ' " 3 - 190 . 

-rrVneo resistance b y us" "tT ^ ^ °* 

dialysed seru^ was used th h " ^ ^ 10% 

-a ( ci bC o) was incL. «x a : r^ 7 : 1 " 6 vere onicted ' and 

included directly ln eh „ e *P ertn "- «=. MTX was 

— .. zj: >zj:z—^~;:z z.r: 

fl Q3 flV0 j uea were pooled and 



each pooled ceil population was chen cultured in eh. -7 

MTX. and after two weeks resist \ P " SenCe ° f " 

weeks. resistant c lonies were again pooled and 
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lnyi.ld of up to 80- fold (T.bl. 1) Th.«. 

cloned, screened f„ c-^nh-u, rl .« T 4tl " el ~ 

-u- „; 3D T d » an ;ir: sh r u " c un,s 

f »rcb. c in c. pc „.„ c . o£ 0 - 6 e H ^ * *' »« h 

screened as ebo.e The l,er. . «l«lo„ cloned end 

ne WtB .l..,. u „e„ re -f e d ,c confluence ind J f I l^HT 
th. cell line, A39 ,„d 3D11 „.,. „„ hl * " * days ' 

.f Co.ch-IH. ' 6 ° f Pr0<1UCln5 " 2O0 »8/»l 

TABLE ] 



areas ton Laval« Can P »i-K. M 



_Stepvl g<t Amplif.,.-,-^ 



Construct 



Seleccion scage 



Accumulated 
Campath-1H (/ig/ml) 



PLD9 + pNH316 



dhfr /neo basal pool 



4 -7 



10 M MTX amplified pool 

Cell lines A37 and 3D9 

. -6 

10 M MTX amplified pool 



Cell line A39 



Cell line 3D11 



0.5 
18-40 

40 
60-90 
100 
150-200 
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Legend to T.k 1r 

Cell, were elloved to reach confluence in . T . 175 
«U*. tben re- fed uleh tr „„ 50il o£ J - — 

Ufc for , f„ rther t days an lb d h 

accumulated in ch* m .n- , antibody Cha c had 

ELISA Tota ce 8 ^ P " i0d — «- °y 

10 . Tho yield from cho 2D11 cell n„. . 

of lOO^lo 6 cUa/day. """" * """"«lvl ty 

Toe c.-cranafectlon vector, pLD9 and . pm.316 Ver. forth 

".W. .„ .Ueroeclv. „ llflutta ' " 'J"^" » 

above. Tb. dhfr" CHO oella „.„ ° M d "««bed 

ucer , Pllt ilrtttly s :zz:ztt - usuai - aM — 

"-r'-'r ~ "one „ 1LT£7 T 

3 X 10 *H to 10 - 7 M Fol]nui f MTX ran Sing from 

* — - ~r P ::r f :; i ::r:; r — 

lts are shown in Table 7 
1-.! v.. lnc „, _ ^ decrease nth ? 

survlvln, dhfr + oolonlea. but they I " ° f 

Caupach-IH. Thu, ln . 7 """"^ Proportionady „ore 

cooc.orr.ti.na of MTX tt L "7 " U " t ~ » 

vblch preduc. up to L old t " U ° U " " U 

r u p.p U1 . tton : „ u i:tr b^-r 7 yuid -~ - 

TABLg ?, 



get SeUrM ftT1 



Selection (M MTX) 



dhfr colonies 



Accumulated 
Campath-IH Oig/.l) 



No MTX 



500 



0.5 
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3 X 10 ' 9 40 



io- 8 



3 X 10" 8 



10 



30 

-7 



Legend to T-hlc 



Colonies at each MTX selection stage were oool.H 
This selection procedure was 

co-cransfection of cells and , „, "P e ««d following anocher 

- ~- -rr r: ^ rr 

:::: trr -r* " hi < h - 

- ~ u. r ; h : z:\z' dUution < Wd 

lines isolated were capable of „ . & Pr ° du " r 

The growth rates of these CP n i< 

- se ce U lines, and the A^Q/Tnn i, 

«. ™„ bly slow „ ch>n ch ; h « * / » » -~ rt h- 

*fr CHO c.U, Thu l5 usual a ™ nc„- cr a„sfo„. d 

hava ..*„.„.„ co hl8 r : t e ; he :; r iis r 

S.n.. Th. yi.ld, fro „ th . 5E10 6 """"^ 

ln g . n „ al . the Unes ; •*« ~U U„... 
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che 
* 



1 ? K "** " Cl0, " d — -»» sene„ tech . 3D11 

u„. .„ d chl5 sinllarly produced Caapach ih yuids ^ m 

££AMELE_4: Growth of an d PmH,,^^, 



a) C1H 3D11* cells growing as a delayer in Iscoves + l0% FBS Fl 
non-essential amino acids 10 ' 6 m u 1oW * 

acids. 10 M Methotrexate and antibiotics were 
approximately 90* confluent. These cells were removed from T 
Plastic with trypsin/versene, washed in iscoves medll with 

Table 3 + 0.25 % peptone + 0.1% polyethylene glycol (PEG) 10.000 + 0 5 % 
fetal boine serum (FBS) without methotrexate (MTX) 



TABLE 3 



formulation for medium ur.Mti 



soov., .odifu.don of mai ulchout BSA, cr.„ sf . rctn and 
l.clthln. Av.lUbl.fr.. OIBCO Led. , Unit 4. . c ..l.v Mill Td 
E.C uxbrld 8 . „ M 27C . slBU . r „ pubUsW nedtuB ^ 

M lch.r (1978) „. „ ed . t . „, , 23) ^ ^ 

albu.l„, our. hu».„ rranf.rrln, or s „v.b..„ Uolthlo. 



5 ml/litre 
50 mg/litre 
50 mg/litre 
50 mg/litre 
50 mg/litre 
50 mg/litre 
25 mg. litre 
0.062 mg. litre 
1.36 mg. litre 
0.2 mg/litre 



200mM L glutamine 
L proline 
L threonine 
L methionine 
L cysteine 
L tyrosine 
ascorbic acid 
vitamin B6 
vitamin B12 
lipoic acid 
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+ 0.088 mg/litre mechyl linoleace 

+ methotrexate 
+ 1 mg/litre FeS0 

4 

+ 1 mg/litre ZnS0 4 
+ 0.0025 mg/litre CuSO 



+ 5 mg/litre 



4 

recombinant insulin (Nucellin) 
+ 50.000 Iu/litre polymyxin 
+ 20.000 Iu/litre neomycin 
+ 0.16 mg/litre putrescine-2 HCL. 

Three 25cm 2 flasks were set up with 10ml of cell suspension + 
hypoxanthine (H) . thymidine (T) or HT. These flasks were incubated 



36.5 C in 5% C0 2 incubator. 



at 



After six days, the flasks were pooled and added to an equal volume of 
WCM4 + MTX without peptone or PEG. and were transferred to a 75cm 2 
flask. 



These cells were used to seed a 500ml Techner spinner, incubated at 
36.5 C spinning at 40 rpm. Cells continued growing serum free for a 
period of over five months and although it was found that the cells 
needed a period of adaptation, the growth rate and viability steadily 
improved. The population doubling time was calculated to be 73.1 
hours over approximately 7 weeks; this decreased to 47.4 hours over 
the subsequent 20 days then stabilised. Antibody secretion remained 
high at levels in excess of 60 M g/ml . It was determined that the gene 
copy number in these cells did not decrease according to band 
intensity using Northern blot analysis. 

In fermenters. these cells produced antibody in excess of 70„g/ml and 
regularly achieve levels of 100 M g/ml or more. These cells are denoted 
C1H 3D11 44. 

b) Cells from a) above which had been growing serum- free for over 2 
months were transferred to a SGi 1 litre fermenter with a stainless 
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sceel angled paddle turning ac 70rpm. The temperature was sec at 
37°C, d0 2 at 10% and pH control to 7-7.2. The fermencer was seeded on 
day 0 with 0.22 x 10 6 cells/ml in WCM4 (Table 3) with 0.1% 
polyethylene glycol (PEG) 10,000 and 0.25% soy peptone, and was top 
gassed with 0 2 . The cells were routinely passaged using fresh medium 
and a split rate typically between 1 to 2 and 1 to 4. 

On day 33 the top gassing was replaced with deep sparging which is can 
be expected to cause more physical damage to the cells. 

On day„5Q onwards WCM5 .(Table 4) was used together with peptone and 
PEG Instead of WCM4. 



TABLE 4 

Formulat ion for Medium UCMS 



Iscoves modification of DM EM without BSA. transferrin or lecithin 
(see Table 3). 



+ 


5 ml/litre 


200mM L glutamine 


+ 


50 mg/litre 


L proline 


+ 


50 rag/litre 


L threonine 


+ 


50 mg/litre 


L methionine 


+ 


50 mg/litre 


L cysteine 


+ 


50 mg/litre 


L tyrosine 


+ 


25 mg/litre 


L ascorbic acid 


+ 


0.062 mg. litre 


Vitamin B6 


+ 


1.36 mg. litre 


Vitamin B12 


+ 


2 mg/litre 


Ferric citrate 


+ 


1 mg/litre 


Zinc sulphate 


+ 


0.0025 nig. lit 


Copper sulphate 


+ 


50,000 IU/litre 


Polymyxin 




20,000 IU/litre 


Neomycin 




3 /il/litre 


Ethano 1 amine 
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+ 0.16 mg/litre P , lt ., 
+ 5 mg/lltre 

Recombinant Insulin (Nucellln) 

On day 53 the PEG was replaced with 0 .1 % pluronic ?6 , _ 
growth and antibody levels achieved are shown th T 

C«* 4 and 5), and demonstrate the ca j ^ fl ^ ^ 
Protein-free production of antibody ln ! ^ *° 

fenuenters. 7 in 6xce « °f 100 M g/ml ln 

EXAMPTg ?f Analyst » f cha 

from CHn rl,... ^^-I H Sm^h^a nng Serr.rfoa 

::~.::::r n Lr ca T h - lH * - — - 

-U-. T„ d .ce„ t „. whech . c _ - - ch. culture 

t«r.c.n»x„ eccu^UUon coupUd Co slo! « «' <* 

either ln growth ph „. „ ~ ™ ^» on c.l ls which 

en. x„ , lch „ e „ vth the cesuies « = P W Poc ch. 

presented only for the lcai - and data is 

proaoo., fr .„ y ac ::; 0 :. h ; ^ — — i^.., cp.*,.* 
- - -JU' r ni ;::: lt r h ir — *- 

«— — . In Flgure'2 X sc " r ?"°- ° f 
Of smth.,!, l3 equ . Uy * " <»" cace 

t*~*- by che - °* — p- - int:: ° easured - 

Chan half of ch. Mwly synche3Ued Campaeh- 1H i- o " 

Che neotu. Sttw .. clns secrec » » '« ireedy pceaenc i„ 

shown m P lgur . 3, in „h lch p „ aUel c . Us I:." " b " ">° 

Che dLcr^cion o f che cadcoUheU d C-pT* J^!' PUl ""' "* 

«-y P-tod. vxthin 24 hoo„. v4rcu . ly u 0 ° V " a thl " 

^■X an of the cellular 
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radiolabeled antibody has been chased into the medium, where it 
remained stable for the duration of the experiment. This demonstrates 
that even when the recombinant CHO cells remain stationary for long 
periods, che rates of Campath-IH synthesis and secretion are not 
diminished. 



Campath-IH ELISA assay. Microtiter plates were coated with anti-human 
IgC and incubated with the assay sample (in culture medium). Antibody 
detection was visualized by using an anti-human gamma chain specific 
peroxidase conjugate. 

Analysis of rates of Campath-IH synthesis and secretion. Cells from 
Example 3 were grown to confluence in 3cm tissue culture wells, then 
incubated for 30 minutes in methionine- free Dulbeccos's MEM containing 
10% fetal calf serum. Following this, the cells were labelled in the 
presence of 120 M Ci/ml [^S] methionine (>800Ci/mmol; Amersham) for the 
appropriate time period, then either harvested and lysed in 500/xl of 
NP-40 lysis buffer, or incubated further in normal growth medium 
Then 125„1 aliquots of ce ll l ysaCe or cxiltur% nedium were 
immuno-precipitated using goat anti-human IgC (heavy chain specific; 
Sigma) and 10%protein-A Sepharose (Pharmacia) . Samples were then 
separated on 10% SDS-PACE reducing gels according to Laemmli and the 
signals amplified with Enhance (NEN-Dupont) . The dried gels were then 
autoradiographed overnight. 

MvlffglMl assay? for fnnc t tonal CH0 - g lv CO3 vi .-^ Canm<> r>t 1H 
Complement lvsls assay fn r Campar^ Ifl 

The complement lysis assay is a measure of antibody function expressed 
as specific activity, determined by the ability of a CHO- glycosylated 
antibody of known concentration Co bind to a pre-determined number of 
cells and effect cell lysis. 
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The assay is carried out on Campath 1H from Example 4 using Karpas 422 
cells (established from B-cell non-Hodgkin lymphoma cell l ine - Dyer 
ecal., (1990) Blood, 21704-714) expressing Campath antigen on the 
cell surface. 1. 2 x l0 * cells were 1<jaded ^ 

incubating for 2 hours at 37°C in a a> 2 incubator in the presence of 
600/iCi of 51Cr (sodium chromate). 

5.3 ml of the loaded cells in medium (total volume 23.5ml). were added 
to 12.5ml of normal human serum and 150 M 1 of the mixture were pipetted 
into the wells of a microtltre plate. 

50„1 samples of the final eluate from three purification runs were 
mixed with the cells and incubaced for 30 minutes at 4°C followed by 
90 minutes at 37°C The culture was centrifuged at 2000 rpm for 5 
minutes and the radioactivity in 100 M 1 of cell supernatant was counted 
on a gamma counter. Complement lysis activity in Kilo Units/ml was 
calculated from a standard curve of a reference preparation (1000 
Units/ml) . 

The results are sec out in Table 5. 

The concentration of Campath 1H in the 50 M 1 samples of final eluate 
wa, estimated using samples in PBS P H 7.2 read on a spectrophotometer 
at 280n». The results are expressed in Table 3 as optical density in 
mg/ml . 



If?'- " ' 

•|5co» this data the specific activity: KU/m\ is determined. 

OD 



TABLE S 

sasada complect lysj. Proton cojc 

Kilo Unfi-Vn.] mg / ml 

A 11.2 
B 14.8 

c - 13.7 



. Specific 

Activity 
11 -J- 1.0 



14.2 i.o 
13.6 i.o 
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Tna faults tndlcat. cnat CHO- glycosyUte<1 CMp . th lH u functlonal 



An indivldaa! di.^ as havlng ,„„. ln£1 
of th. J.mt. U„.. lllsl „ 6 polyarthritis. pUutltls abdonlnai 
over fiv. y ..r. r . qulrlng long perUd3 o£ hospltaUsatl 
.iO CHO darlved Ca^ath 1H fro . Exanple 4 ^ ^ ^J* 

2mg per day over 6 days by intravenous Injection 

10 mg per day over subsequent 6 days by Intravenous injection. 

During the second 6 day treatment there was a significant symptomatic 
improvement. By the end of che second period the joint inflation 
was much improved and a skin abscess had cleared with antibiotic 
treatment. Thirty days after the end of the treatment the individual 
was discharged. 

Approxi..t.l y , Mnths a£cec ch . lnltlal cha tnil 

suffar.d. ralaps. with aultipla joint l„volve..„t, Af car Initial 
testing far s.„sltlvlt y with a lo. dosa. tha individual was given a 
furthar tours, of tr.at.anc with 10ag/da y Caap.th 1H fat 10 d. y , utth 
significant Improvement. 

greESSIOW Of HPWANTSFT) ANTT-CD& AHTTBrtny ranM rtf n ^ «. 



The complementarily determining regions from a rat IgG2b raised 
against human CD4 (The New England Journal of Medicine 1990 323 • 
250-254) were grafted onto human heavy and light chain frameworks 
(Winter e£ al. Nature, 1988, 322 323-327). 
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The cDNA encoding che humanised CD4 light chain was cloned into pLD9 
[Page and Sydenham, M. A . 1991 Biotechnology 9 64-68). The resulting 
plasmid was designated p2110. The humanised CD4 heavy chain was 
sequenced and cloned into a modified version of plasmid p342-12 [Law 
M-F., Byrne, J.C. and Hinley, P.M. 1983 Mol. Cell. Biol. 3 2110-2115). 
Plasmid p342-12 was digested with BamHl to remove the 7.4kbp fragment 
containing part of the BPV-1 genome. The backbone containing the 
lactamase gene and the neomycin resistance gene under the control of 
the mouse metallothionine promoter was purified and religated at the 
BamH l site. This plasmid was digested with JUnDIII, incubated with 
the large fragment of DNA polymerase I to remove the HinDIII site and 
then religated. The £-actin expression cassette, containing the 
0-actin promoter immediately upstream of a unique iUnDIII site 
followed by the polyadenylacion signal, was cloned into the BajsHI site 
of the modified p342-12 plasmid to generate pBanl. 

Plasmid pBanl , therefore, consisted of the neomycin resistance gene, 
the ^-lactamase gene and the 0-actin expression cassette containing 
the unique Hln DlIl site. The cDNA encoding the humanised heavy chain 
was cloned into this site and the resulting plasmid containing the 
correctly orientated insert was designated pBanCD4H. Thus, p2110 and 
pBanCD4H contained a different selectable marker and co- trans feet ion 
into recipient dhfr- CHO cells would permit the direct selection and 
isolation of dhfr + /rieo r colonies. Cells exhibiting this phenotype 
should express functional antiCD4 antibody and could be amplified to 
elevate the antibody titres. / 

Expressi on of anti-CD4 antibody In CHO cells 

a) Cell culture methods. 

The dhfr- CHO line DUK- BllfjUrlaub , G. and Chasin, L.A. 1980 
Proc. Natl. Acad. Sci. USA 77 4216-4220]|was propagated in Iscoves 
MEM medium supplemented with 10% foetal bovine serum and 4/ig each 
of hypoxanthine and thymidine (all Flow). After transf ection. 
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trans fomiancs were selected in the medium described above except 
that the hypoxanthine/thymidine were omitted and dialysed foetal 
bovine serum was used. In addition, G418 was included at 
500>g/ml. To induce spontaneous amplification of sequences 
containing and flanking the dhfr gene, MTX was added to a 
concentration of 0.1/iM. 

b) Transfection and amplification 

The dhfr- CHO cell line DUK-B11 was co- transf ected with 5 M g of 
p2110 and 5pg of pBanCD4H using che transfectam reagent under the 
conditions recommended by the manufacturer. Transf ormants were 
selected for che dhfr + /neo r phenotype as described above. 
Several hundreds of transf ormants were observed and pooled. 
Initital titres indicated that the first round basal 
transf ormants were secreting about 0 . 1/ig/ml/day . This po led 
population was then cultured in che presence of 0.1/iM MTX for 
about 14 days. Resistant colonies were again pooled and assayed. 
Expression had increased some 100 fold, the pooled. amplified 
colonies producing about 10-12/ig/ml/day . In order to obtain 
stable, clonal cell lines giving high antibody titres, the 
resistant pools were cloned by limiting dilution in 96 -well 
plates. Fifty single colonies were identified and assayed and 
the four lines giving the highest titres propagated. This 
& ., process of lde ntifying highly expressing clones within the 
1 resistant population produced a line designated D419 which 
- V expressed the anti-CD4 antibody at about 20Mg/ml/day. 

Characterisation of dhfr + /neo r cell lines 

i) Determination of copy number and steady state transcription 
levels by slot blot analysis of DNA and RNA. 

Whole cell RNA and DNA was prepared from che various stages of 
amplification as described by Maniatis et aJL. [1982 Molecular 



NJBM/LB/30th September, 1991. 



27 



PA1195 



CI ning. A Lab ratory Manual. Cold Spring Harb ur Lab rat ry, 
Cold Spring Harbour, New York]. After fixing onto nitrocellulose 
filters, the nucleic acids were probed with ( 32 -P]-aATP labelled 
DNA sequences of the heavy chain, the dhfr gene and the 0-actin 
gene as a control "housekeeping" gene to eliminate artifacts due 
to loading errors. 

Inititally, the uncloned O.ImM MTX amplified pool was compared to 
the first round unamplified transf ormants and the untransf ormed 
parental Bll cells, with ^tbe probes described. Accordingly, no 
DNA signal was detected in the parental line when probed with the 
heavy chain but a weak signal was detected for dhfr. This is due 
to the single, non- functional dhfr allele in the Bll cell line. 
As a result, no UNA signal was detected with either probe. r In 
contrast, a strong signal was detected with both probes on RNA 
and DNA in the primary transf ormants which reflects the start of 
expression. A very significant increase in copy number and 
steady state levels of RNA of heavy chain and dhfr is observed in 
the uncloned amplified pool. This accurately correlates with the 
observed increase in expression. Steady state levels of 0-actin 
RNA were consistent in all three lines examined. 

A similar comparison was made between the four highest expressing 
cloned cell lines. A strong signal was detected on both the RNA 
and the, DNA blots. However, although the DA19 line was 
expressing twice as much antibody as a line designated D423, this 
difference was not in either the copy number or steady state 
levels of RNA. There are two possible explanations for this 
observation; the first is that the DNA in the DA19 line has 
integrated at a site in the genome at which it is under the 
Influence of an enhancer. However, this presumably would be 
reflected in elevated levels of RNA. The more likely explanation 
is that in the replication and duplication of the tandem arrays 
in the line D423, some of the copies of the dhf r/antibody 
cassette have undergone re -arrangement and are non- functional and 
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cruncaced. This is not uncommon since che sice of incegracion f 
hecerologous genes is often ac breakpoints in Che chromosomes 
such as telomeres which are known to be "hot spots- for such 
re- arrangements. This could be resolved by Northern and Southern 
analysis. 

tl) Protein synchesls and secretion of antl-CD^ ^ ncihodv <n the n&1 0 

Una 

The clonal D419 line was labelled with 3 5 S -methionine and 
cysteine and the intracellular and secreted antibody extracted by 
immunoprecipi ration with appropriate antibodies. Following 
electrophoresis on reducing SDS-PAGE gels, the gels were dried 
and the signal detected by autoradiography. 

It was clear from the result that both heavy and light chain are 
efficiently synchesised. Intracellularly . there need not be sto 
chiometry between heavy and light chains since the two associate 
as they pass through the secretory organelles. However, close 
stochlometry is observed in the secreted material. 
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